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(54) SYSTEM AND METHOD FOR IDENTIFYING CANDIDATE VEHICLE SYSTEMS

(57) A system 200 is provided that includes a con-
troller 201 having one or more processors 202. The one
or more processors may be configured to obtain first ve-
hicle system data from a first vehicle system of plural
vehicle systems 100 based on a common characteristic
shared by the plural vehicle systems, and obtain second
vehicle system data from a second vehicle system of the
plural vehicle systems, the second vehicle system data

based on the common characteristic shared by the two
or more vehicle systems. The one or more processors
may also be configured to compare the first vehicle sys-
tem data to the second vehicle system data 408, and
identify one of the first vehicle system or the second ve-
hicle system as a candidate vehicle system for mainte-
nance based on comparing the first vehicle system data
to the second vehicle system data 410.
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Description

BACKGROUND

Technical Field.

[0001] The subject matter described herein relates to
monitoring and comparing vehicle system data from nu-
merous vehicle systems to identify candidate vehicle sys-
tems for repair and maintenance.

Description of the Art.

[0002] Vehicle systems are provided in many different
environments and settings. From fleets of automobiles
and/or trucks that make deliveries using highways and
streets, rail vehicles systems that travel on tracks, fleets
of airplanes that travel through the air, to fleets of ships
travel through the water. Each vehicle system, whether
a single vehicle, or numerous vehicles coupled together,
travels along such routes, airways, waterways, etc.
[0003] As vehicle systems improve communications,
safety, etc., vehicle system data is continuously being
obtained. Vehicle system data can include location data,
data obtained by sensors that monitor an operating sys-
tem or component of an operating system, or the like. As
the vehicle system data has been obtained, analytics are
used to improve operations of vehicle systems. Whether
making determinations related to a best route to utilize,
or attempting to identify when maintenance is required,
algorithms, including artificial intelligence algorithms,
have gained popularity as a manner of providing such
improvements.
[0004] Still, the use of algorithms, and in particular, ar-
tificial intelligence algorithms, may have drawbacks. In
particular, typically a significant amount of memory
space, processing resources, etc. is required for utilizing
the algorithms. In addition, often algorithms simply do
not consider all of the different variables that a vehicle
system may encounter. Weather, humidity, precipitation,
terrain, vehicle system age, vehicle system wear, wind
conditions, etc. can all have an effect on the performance
of operating systems of a vehicle system. As a result, the
algorithms when not appropriately accounting for all of
these variables can make determinations related to main-
tenance or repair scheduling when no maintenance or
repair is required. In addition, the algorithms can also
miss when a vehicle system requires maintenance or re-
pair, resulting in greater damage being caused as a result
of operating with a malfunctioning operating system.

BRIEF DESCRIPTION

[0005] In accordance with one embodiment, a system
is provided that includes a controller having one or more
processors. The one or more processors may be config-
ured to obtain first vehicle system data from a first vehicle
system of plural vehicle systems based on a common

characteristic shared by the plural vehicle systems, and
obtain second vehicle system data from a second vehicle
system of the plural vehicle systems, the second vehicle
system data based on the common characteristic shared
by the two or more vehicle systems. The one or more
processors may also be configured to compare the first
vehicle system data to the second vehicle system data,
and identify one of the first vehicle system or the second
vehicle system as a candidate vehicle system for main-
tenance based on comparing the first vehicle system data
to the second vehicle system data.
[0006] In accordance with one embodiment, a system
is provided that may include a controller having one or
more processors. The one or more processors may be
configured to obtain first vehicle system data from a first
vehicle system in a determined area, and obtain addi-
tional vehicle system data from plural additional vehicle
systems in the determined area. The one or more proc-
essors may also be configured to compare the first ve-
hicle system data to the additional vehicle system data,
and identify the first vehicle system as a candidate vehicle
system for maintenance based on comparing the first
vehicle system data to the additional vehicle system data.
[0007] In accordance with one embodiment, a method
may be provided that includes searching for and identi-
fying vehicle systems based on a common characteristic,
and determining whether a threshold number of vehicle
systems have been identified during a search. The meth-
od may also include varying the common characteristic
in response to the threshold number of vehicle systems
not being identified, and performing an additional search
after varying the common characteristic. The method can
also include obtaining first vehicle system data related
to a first operational system from a first vehicle system
identified in the additional search, obtaining additional
vehicle system data related to additional operational sys-
tems of plural additional vehicle systems identified in the
additional search, wherein the first operational system is
related to the additional operational systems, and iden-
tifying the first vehicle system as a candidate vehicle sys-
tem for maintenance based on comparing the first vehicle
system data to the additional vehicle system data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The inventive subject matter may be under-
stood from reading the following description of non-lim-
iting embodiments, with reference to the attached draw-
ings, wherein below:

Figure 1 is a schematic view of a vehicle system;

Figure 2 is a schematic view of a control system of
a vehicle system;

Figure 3 is a schematic view of an environment of a
vehicle system;
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Figure 4 is a block flow diagram of a method of iden-
tifying a malfunctioning operating system of a vehicle
system;

Figure 5A is a graph of vehicle system data;

Figure 5B is a graph of vehicle system data;

Figure 6A is a graph of vehicle system data; and

Figure 6B is a graph of vehicle system data.

DETAILED DESCRIPTION

[0009] One or more embodiments of the subject matter
described herein relates to a control system for a vehicle
system that searches for and identifies common charac-
teristics between different and/or separate vehicle sys-
tems. The system then obtains vehicle system data from
each vehicle system that had been identified based on
the shared common characteristics. The vehicle system
data may be related to an operating system of each ve-
hicle system. Then, the vehicle system data related to
the operating system of each vehicle is compared to the
vehicle system data of the other vehicle systems to iden-
tify anomalies in the vehicle system data for one or more
individual vehicle systems. If a vehicle system data
anomaly exists for a particular vehicle system, that vehi-
cle system is identified as a candidate vehicle system for
repair or maintenance. The identification can occur dur-
ing a trip such that a communication can be provided to
a remote controller, such as a maintenance controller, to
schedule maintenance and/or repair for the candidate
vehicle system.
[0010] Figure 1 illustrates a schematic diagram of one
example of a vehicle system 100. While Figure 1 illus-
trates the vehicle system as a rail vehicle, in other exam-
ples, the vehicle system can include automobiles, marine
vessels, airplanes, off road vehicle, construction vehi-
cles, vehicles in a fleet, or the like. In particular, a vehicle
system may include a single vehicle or two or more ve-
hicles. The vehicle system may be configured to travel
along a route 104 on a trip from a starting or departure
location to a destination or arrival location. In the illus-
trated example, the vehicle system includes a propulsion-
generating vehicle 108 and a non-propulsion-generating
vehicle 110 that are mechanically interconnected to one
another to travel together along the route. The vehicle
system may include at least one propulsion-generating
vehicle and optionally, one or more non-propulsion-gen-
erating vehicles. Alternatively, the vehicle system may
be formed of only a single propulsion-generating vehicle.
[0011] The propulsion-generating vehicle may gener-
ate tractive efforts to propel (for example, pull or push)
the vehicle system along routes. The propulsion-gener-
ating vehicle includes a propulsion system, such as an
engine, one or more traction motors, and/or the like, that
operate to generate tractive effort to propel the vehicle

system. Although one propulsion-generating vehicle and
one non-propulsion-generating vehicle are shown in Fig-
ure 1, the vehicle system may include multiple propul-
sion-generating vehicles and/or multiple non-propulsion-
generating vehicles. In an alternative embodiment, the
vehicle system only includes the propulsion-generating
vehicle such that the propulsion-generating vehicle is not
coupled to the non-propulsion-generating vehicle or an-
other kind of vehicle. In yet another embodiment, the ve-
hicles in the vehicle system are logically or virtually cou-
pled together, but not mechanically coupled together. For
example, the vehicles may communicate with each other
to coordinate their movements so that the vehicles move
together as a convoy (e.g., a vehicle system) without the
vehicles being coupled with each other by couplers.
[0012] The propulsion-generating vehicle also in-
cludes one or more other operating systems 112 that
control the operation of the vehicle system. In one exam-
ple, the operating system is a braking system that gen-
erates braking effort to slow or stop movement of the
vehicle system. Alternatively, the operating system may
be a heating and cooling system, engine and/or trans-
mission system, a bearing system, a wheel system, or
other mechanical, electro-mechanical, or electrical sys-
tem that is used during or for operation of the vehicle
system.
[0013] In the example of Figure 1, the vehicles of the
vehicle system each include multiple wheels 120 that en-
gage the route and at least one axle 122 that couples left
and right wheels together (only the left wheels are shown
in Figure 1). Optionally, the wheels and axles are located
on one or more trucks or bogies 118. Optionally, the
trucks may be fixed-axle trucks, such that the wheels are
rotationally fixed to the axles, so the left wheel rotates
the same speed, amount, and at the same times as the
right wheel. In one embodiment, the vehicle system may
not include axles, such as in some mining vehicles, elec-
tric vehicles, etc.
[0014] The vehicle system may also include a vehicle
controller 124 (e.g. Fig. 2, 214) that may further include
a wireless communication system 126 that allows wire-
less communications between vehicles in the vehicle
system and/or with remote locations, such as a remote
controller 128 at a remote (e.g., dispatch) location. The
communication system may include a receiver and a
transmitter, or a transceiver that performs both receiving
and transmitting functions. The communication system
may also include an antenna and associated circuitry.
[0015] The vehicle system may also include a locator
device 136. The locator device may be positioned on the
vehicle system, utilize wayside devices, etc. In one ex-
ample, the locator device is a global navigation satellite
system (GNSS) receiver, such as a global positioning
system (GPS) receiver, that receives signals from remote
sources (e.g., satellites) for use in determining locations,
movements, headings, speeds, etc., of the vehicle sys-
tem, and can provide position data related to the vehicle
system. Alternatively, the locator device may use WiFi,
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Bluetooth-enabled beacons, near-field communication
(NFC), radio frequency identification (RFID), QR code,
etc. to provide location information.
[0016] Figure 2 provides a schematic illustration of a
control system 200 that may be configured to communi-
cate and monitor numerous vehicle systems. To this end,
the vehicles systems can include automobiles, rail vehi-
cles, marine vessels, airplanes, off road vehicles, con-
struction vehicles, vehicles in a fleet, or the like. The con-
trol system includes a monitoring controller 201 that in-
cludes one or more processors 202 (e.g., microproces-
sors, integrated circuits, field programmable gate arrays,
etc.). The monitoring controller may be located remotely
from the vehicle systems, at a dispatch, at a station, at
a static location, etc. The one or more processors may
receive location data, operating data from operation sys-
tems, or the like, from the vehicle controllers. Based on
receiving data related to the vehicle system data related
to other vehicle systems that travel within a determined
or defined area, the one or more processors make de-
terminations related to the health of the monitored vehicle
system(s) to identify one or more candidate vehicle sys-
tems for maintenance or repair. A determined area may
be a geographic area that can be automatically or man-
ually defined. As an example, a circle with a five mile
radius from a determined location may be a determined
area. An area where certain weather such as rain is oc-
curring may be a determined area. In one example, the
determined area can have a boundary or boundaries that
are fixed and do not change. Alternatively, the boundary
or boundaries of the area may change. For example, an
area may include the locations where precipitation is oc-
curring. Optionally, the area can be defined by a postal
zip code, city limits, county limits, state boundaries, etc.
With this said, a first determined area may be provided,
and then a second larger or smaller determined area may
also be provided. Still, the area, or location of the perim-
eter of the determined area may change. In example, the
area may be equal, but a perimeter may move resulting
in a first determined area (e.g. original perimeter) and a
second determined area (e.g. moved perimeter).
[0017] The monitoring controller optionally may also
include a memory 204, which may be an electronic com-
puter-readable storage device or medium. The monitor-
ing controller memory may be within the housing of the
monitoring controller, or alternatively may be on a sepa-
rate device that may be communicatively coupled to the
controller and the one or more processors therein. By
"communicatively coupled," it is meant that two devices,
systems, subsystems, assemblies, modules, compo-
nents, and the like, are joined by one or more wired or
wireless communication links, such as by one or more
conductive (e.g., copper) wires, cables, or buses; wire-
less networks; fiber optic cables, and the like. The con-
troller memory can include a tangible, non-transitory
computer-readable storage medium that stores data on
a temporary or permanent basis for use by the one or
more processors. The memory may include one or more

volatile and/or non-volatile memory devices, such as ran-
dom access memory (RAM), static random access mem-
ory (SRAM), dynamic RAM (DRAM), another type of
RAM, read only memory (ROM), flash memory, magnetic
storage devices (e.g., hard discs, floppy discs, or mag-
netic tapes), optical discs, and the like. The memory may
be utilized to store information related to location data,
movement data, historical data, route data, vehicle data
etc. The memory may then be used by the one or more
processors to access data for making determinations re-
lated to the health of each vehicle system, including the
health of each operating system of each vehicle system.
In one example, data is logged into a document related
to a vehicle system. In another example, data, such as
a video feed, may be recorded and stored in the memory
for later analysis. In addition, algorithms, applications,
models, or the like may also be stored within the memory
to be used by the one or more processors in making
determinations related to the health of vehicle systems
within the area.
[0018] The monitoring controller may also include a
transceiver 206 configured to communicate with plural
vehicle controllers. The transceiver may be a single unit
or be a separate receiver and transmitter. In one exam-
ple, the transceiver may only transmit signals, but alter-
natively may send (e.g., transmit and/or broadcast) and
receive signals.
[0019] The monitoring controller may also include an
input device 208 and an output device 210. The input
device may be an interface between an operator, or mon-
itor, and the one or more processors. The input device
may include a display or touch screen, input buttons,
ports for receiving memory devices, etc. In this manner,
an operator or monitor may manually provide parameters
into the controller, including vehicle parameters, route
parameters, and trip parameters. Similarly, the output
device may present information and data to an operator,
or provide prompts for information and data. The output
device may similarly be a display or touch screen. In this
manner, a display or touch screen may be an input device
and an output device.
[0020] The monitoring controller can additionally in-
clude a prescription application or system 212 for deter-
mining the health of vehicle systems that communicate
with the monitoring controller. The prescription applica-
tion may be a program, instructions, or the like, that may
be utilized by the one or more processors to search, and
make identifications, determinations, etc. related to the
health of plural vehicle systems. Optionally, the prescrip-
tion application can represent hardware circuity that in-
cludes and/or is connected with one or more processors
for performing operations described in connection with
the prescription system. After the prescription application
identifies a candidate vehicle system, a prescription, or
suggested tests, repairs, maintenance, etc. may be com-
municated to a remote controller for maintenance and
repair of the vehicle system.
[0021] The monitoring controller receives data from ve-
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hicle controllers 214 of vehicle systems to compare and
analyze the data and make a health diagnosis related to
the individual vehicle systems. In one embodiment, only
those vehicle controllers on vehicle systems that are with-
in the defined area send their vehicle system data to the
monitoring controller. Alternatively, one or more other ve-
hicle controllers on vehicle systems that are not within
the area can send their vehicle system data to the mon-
itoring controller. While Figure 2 illustrates two vehicle
controllers, in other examples, five vehicle controllers,
ten vehicle controllers, one hundred vehicle controllers,
etc. may provide data to the monitoring controller. In one
example, the prescription application may reduce the
number of common characteristics (e.g. variables) that
can cause reduced performance of the vehicle system,
to increase the number of vehicle systems identified for
comparison and analysis. Alternatively, the prescription
application may increase the number of common char-
acteristics that can cause reduced performance of the
vehicle system, to decrease the number of vehicle sys-
tems identified for comparison and analysis.
[0022] In an example, the variables are the weather
and environmental conditions in a defined geographic
area. In particular, the operation of a vehicle system may
be significantly affected by the weather. For example, a
wheel sensor may monitor the speed of wheels of a rail
vehicle to determine wheel slippage. When a wheel
wears or becomes uneven, the wheel may be more apt
to slip on a track, such that a wheel sensor measures the
wheel spin rate vs. expected spin rate to capture when
wheel slip is occurring in an attempt to diagnose a faulty
tire. However, environmental conditions including rain,
snow, humidity, ice, wind, grade of rail, or the like can
also cause wheel slip. As a result, when an algorithm,
artificial intelligence (AI) algorithm, etc. is utilized that has
a threshold number of wheel slips to diagnose a faulty
wheel, error can occur accordingly because there is no
way to account for the additional wheel slips occurring
as a result of weather instead of wear. As such, the pre-
scription application can utilize the common characteris-
tic of weather to provide an improved determination.
[0023] In one example, the common characteristic may
be only obtaining data from vehicle systems in a deter-
mined area, and then comparing the vehicle system data
of such vehicle systems to one another. In one embodi-
ment, the determined area may be a distance from a
geographic location. In one example, the determined ar-
ea may be a one mile radius, in another example, the
determined area may be a two mile radius, ten mile ra-
dius, or the like. In yet another example, the prescription
application may receive a local weather radar, determine
that an area a determined weather event, such as rain,
is occurring, and have the determined area be within the
area rain exists. To this end, the prescription application
can also identify similar weather events in different loca-
tions. Thus, if a vehicle system in Florida is traveling in
rain and 20°C weather, and a vehicle system in Virginia
is also traveling in rain and 20°C whether, the vehicles

systems share a common characteristic even though ge-
ographically the vehicle systems are in different loca-
tions. In yet another example, the prescription application
may have an initial determined area, such as a one mile
radius around a determined location, and if a threshold
number of vehicle systems are not located in the deter-
mined area, the determined area may increase to a sub-
sequent determined area such as a two mile radius
around the determined location. Then, the determined
area can continue to increase until a threshold number
of vehicle systems in the area is reached.
[0024] In the example, once the prescription applica-
tion receives the vehicle system data from the vehicle
controllers in the defined area, the vehicle system data
(e.g., wheel slip data) of each vehicle system is compared
to the other vehicle systems for identifying an anomaly,
e.g., indication of an unhealthy wheel. In one example,
a designated deviation threshold may be utilized for the
analysis and comparison. As a function of the vehicle
system data and common characteristic in question, the
deviation threshold is a designated delta or difference
between two or more data sets (data points or groups of
data) that is indicative of one of the data sets being dif-
ferent enough from the other(s) to reflect an increased
or greater likelihood of an underlying/related vehicle sys-
tem requiring maintenance. Thus, if one data set (asso-
ciated with one vehicle system) is within the designated
deviation threshold of other data (of other vehicle sys-
tems), this may not be indicative of a greater likelihood
of required maintenance, whereas if the one data set is
outside the deviation threshold of the other data, this may
be indicative of a greater likelihood of required mainte-
nance. For example, the designated deviation threshold
may be a standard deviation threshold. The standard de-
viation is an average distance from a mean of a group.
In one example, the standard deviation threshold is the
standard deviation itself. In this manner, if one hundred
(100) vehicle systems provide wheel slip data for a de-
fined area and the average number of wheel slips while
traveling through the defined area is fifteen (15) with a
standard deviation of three (3) wheel slips, then the
standard deviation threshold is eighteen (18) wheel slips.
As a result, any vehicle system having more than 18
wheel slips while in the defined area can be a candidate
vehicle system for maintenance. Alternatively, the des-
ignated deviation threshold can represent the standard
deviation plus a determined amount. So, in the previous
example, two (2) additional wheel slips could be added
to the calculated standard deviation such that the desig-
nated deviation threshold is twenty (20) wheel slips. Con-
sequently, any vehicle system recording more than 20
wheel slips while in the defined area may be a candidate
vehicle system for maintenance. Time and/or continuity
may also be taken into account, e.g., number of wheel
slips while in the defined area during a designated time
period, or a designated continuous time period.
[0025] While in example embodiments, averages,
standard deviations, etc. may be utilized to make a cal-
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culation to determine and identify the candidate vehicle
system, other calculations similarly can be made, for a
designated deviation threshold or otherwise. For exam-
ple, in the example when 100 vehicle systems in a defined
area are analyzed, a mode related to the number of wheel
slips may be utilized. In the example, the mode number
of wheel slips for the 100 vehicle systems may be 14
wheel slips. Then a determined amount from the mode
may be provided, such as five (5) wheel slips to determine
a threshold number of wheel slips. As a result, any vehicle
system of the 100 vehicle systems in the defined area
having more than nineteen (19) wheel slips are deter-
mined and identified as candidate vehicle systems for
maintenance.
[0026] In addition, while in one example, the variable
eliminated by utilizing the common characteristic is the
environment, in another example, the common charac-
teristic may be an engine type, engine manufacturer, ve-
hicle system age, vehicle system milage, geographic lo-
cation on a route, such as a particular tunnel, bridge,
straight-away, section of a rout with a similar elevation,
grade, etc. In another example, the determined area may
not be utilized, and instead, historical data of a specific
engine type may be utilized for a comparison. In yet an-
other example, the age of the vehicle system may be
utilized as the common characteristic, such that data is
only obtained for vehicle systems in a determined age
range, such as airplanes that are five to ten years old. In
another example, the common characteristic can be the
amount of milage a vehicle system has. For example,
the prescription application may only obtain vehicle sys-
tem data related to automobiles with between 100,000
miles and 150,000 miles and compare performance.
[0027] In addition, multiple common characteristics
may be utilized. For example, vehicle system data may
be obtained from a determined area for a specific engine
type. In one embodiment, the vehicle system data related
to the determined area may have a first weight associated
therewith, while the vehicle system data related to the
specific engine type may have a second weight associ-
ated therewith. In examples, the weight may be the same,
different, or may vary based on utilization of an algorithm,
including an artificial intelligence algorithm, or the like.
For example, the prescription application may obtain au-
tomobile vehicle system data for every vehicle system of
a certain manufacturer in a five mile radius that is less
than five years old. Thus, by taking similar vehicle sys-
tems and comparing vehicle system data of such similar
vehicle systems, differences or deviations (e.g., anoma-
lies) that may indicate an unhealthy condition of an op-
erating system of a vehicle system can be determined
for identifying candidate vehicle systems for repair and
maintenance.
[0028] In one example, the comparison of the vehicle
system data may be a comparison of first vehicle system
data to second vehicle system data. The comparison can
also include a comparison of the first vehicle system data
and additional vehicle system data. To this end, the sec-

ond vehicle system data may be compared to the addi-
tional vehicle system data.
[0029] Each vehicle controller can include one or more
processors 218 (microprocessors, integrated circuits,
field programmable gate arrays, etc.), a memory 220,
which may be an electronic, computer-readable storage
device or medium, a transceiver 222 configured to com-
municate with the monitoring controller, an input device
224 and an output device 226. The input device may be
an interface between an operator, or monitor, and the
one or more processors. The input device may include
a display or touch screen, input buttons, ports for receiv-
ing memory devices, etc. In this manner, an operator or
monitor may manually provide parameters into the vehi-
cle controller, including vehicle parameters, route param-
eters, and trip parameters.
[0030] The controller may also include one or more
sensors 228 disposed within and adjacent the area to
detect movement data, area data, vehicle data, route da-
ta, etc. The one or more sensors may be pressure sen-
sors, temperature sensors, speed sensors, voltmeters,
angular speed sensors, etc. and may measure fluid lev-
els, wheel speed, axle temperature, fluid temperature,
engine performance, braking performance and wear, etc.
The one or more sensors monitor different operating sys-
tems of the vehicle system to obtain vehicle system data
that may be utilized by the prescription application, or
may be utilized by the one or more processors of the
vehicle controller to analyze and make determinations
that are communicated to the prescription application.
The vehicle system data from each vehicle system can
then be utilized to compare to one another to determine
faults and unhealthy operating systems. Optionally, the
vehicle controller may also include a prescription appli-
cation 230 that more efficiently processes data and in-
formation for communication with the prescription appli-
cation of the monitoring device.
[0031] In one example, the one or more sensors may
include a locator device. In one example, the locator de-
vice is a GNSS receiver, such as a global positioning
system (GPS) receiver that receives signals from remote
sources (e.g., satellites) for use in determining locations,
movements, headings, speeds, etc., of the vehicles, and
can provide position data related to the vehicle system.
Alternatively, the locator device may use WiFi, Bluetooth-
enabled beacons, near-field communication (NFC), radio
frequency identification (RFID), QR code, etc. to provide
location information.
[0032] Figure 3 illustrates an example environment
300 in which one or more vehicle systems 302 are mon-
itored to identify one or more candidate vehicle systems
for repair or maintenance as a result of a malfunctioning
operating system. The environment may include road-
ways, railways, waterways, runways, airways, or the like.
To this end, while Figure 3 illustrates the vehicle systems
as automobiles, the vehicle systems may also be rail ve-
hicles, marine vessels, airplanes, off road vehicles, con-
struction vehicles, vehicles in a fleet, or the like. In par-
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ticular, a vehicle system may include a single vehicle as
provided in Figure 3, or alternatively include numerous
vehicles coupled together. In one example, the vehicle
system is a rail vehicle as illustrated in Figure 1.
[0033] Each vehicle system may include a vehicle con-
troller (Figure 2) with a vehicle locator device. Each ve-
hicle controller can communicate with a monitoring con-
troller that includes a prescription application. The mon-
itoring controller may be located remotely from the vehi-
cle systems, and may be a dispatch controller, station
controller, air tower controller, or the like.
[0034] In one example, the prescription application
may continuously receive location data and operational
data from each of the vehicle systems within a deter-
mined area 304. In the example of Figure 3, a first deter-
mined area 304A and second determined area 304B are
provided. In particular, the prescription application in one
example receives the vehicle system data from only the
vehicle systems within the first determined area; howev-
er, the prescription application may determine that a
threshold number of vehicle systems is not located within
the first determined area, resulting in the larger second
determined area to be utilized for receiving the opera-
tional data. After receiving the vehicle system data, the
prescription application may compare the vehicle system
data of vehicle systems to determine anomalies. For ex-
ample, the vehicle system data received may be the tem-
perature of lubricating oil in a gear box of an axle. Then
each temperature can be compared, an average taken,
a mode determined, a standard deviation determined, or
the like, to see if an anomaly exists for one of the four
vehicles. Alternatively, engine temperature, wheel slip-
page, wheel angular speed, wheel temperature, brake
pressure, etc. can all be obtained for comparison to de-
termine operating systems that may be malfunctioning.
In this manner, candidate vehicle systems for repair,
maintenance, etc. can be identified while the vehicle sys-
tems are in operation. Because only a determined area
is utilized as a common characteristic, variance as a re-
sult of environmental of outside temperature differences
are eliminated, enhancing accuracy of a diagnosis.
[0035] While in this example determined areas are uti-
lized as the common characteristic to determine which
vehicle systems will be compared to one another, in other
examples, other common characteristics may be utilized.
For example, the prescription application may use all ve-
hicle systems that have a same or similar engine type or
model, as vehicle systems that are a similar age or mil-
lage, a vehicle systems that take a similar or a same
route, combinations thereof, etc. In one example, vehicle
system data may be obtained from a similar geographic
location on a route, such as a particular tunnel, bridge,
straight-away, section of a rout with a similar elevation,
grade, etc. In this manner, vehicle system data of similarly
situated vehicle systems are compared, resulting in var-
iances being a result of a malfunctioning component of
an operating system rather than environment, age, wear,
etc. related results.

[0036] Figure 4 illustrates a method for identifying a
candidate vehicle system for repair and/or maintenance.
The candidate vehicle system may need repair and/or
maintenance as a result of an operating system or com-
ponent of an operating system that is not operating, an
operating system or component that is operating, but is
not operating as well, efficiently, desired, etc. as other,
similarly-situated operating systems or components. In
one example, a wheel may be detected as slipping once
every 5 miles, whereas other wheels of the vehicle sys-
tem only slip once every 20 miles. In another example,
an engine temperature of one vehicle system may be
operating ten degrees Celsius greater than the engine
another vehicle system. In this manner, the vehicle sys-
tems may still be operating; however, higher frequency
of wheel slips, temperature difference, etc. may be indic-
ative that an operating system is not operating as well,
efficiently, desired etc. as the other operating systems.
By making the identification of the candidate vehicle sys-
tem while the vehicle systems are in route, maintenance
can be scheduled to address the operating system before
a more serious condition such as wheel failure, engine
failure, or the like occurs.
[0037] In one example the vehicle system of Figure 1
is a vehicle system that is monitored for the method. In
another example, the control system of Figure 2 is utilized
to implement the method of Figure 4. Similarly, in one
example, the environment and vehicle systems of Figure
3 may be the environment and vehicle systems imple-
menting the method of Figure 4.
[0038] At 402, a determination is made whether two or
more vehicle systems share a common characteristic. A
common characteristic may be any parameter, attribute,
or the like that the two or more vehicle systems share.
In one example, the common characteristic is a defined
area. In this manner, if the determined area is a one hun-
dred mile radius of a determined location, then each ve-
hicle system within the defined area shares the common
characteristic of being within the defined area. In another
example, the common characteristic may be the vehicle
system milage. In the example, all vehicle systems hav-
ing over one hundred thousand miles can share the com-
mon characteristic of having over one hundred thousand
miles. In one example, the common characteristic may
relate to a make and/or model of a vehicle, the make or
model of a component of an operating system, such as
an engine, the manufacturer of a vehicle, a manufacturer
or type of tire, an outdoor temperature at which a vehicle
system is operating, an outdoor weather condition at
which a vehicle operates including the presence of rain,
sleet, snow, ice, wind, humidity, or the like, a type of ma-
terial utilized by a component of an operating system
such as a tire, or the like. In one example, the determi-
nation of the common characteristic may be provided by
a user of a vehicle system, user of a monitoring system
monitoring plural vehicle systems, set by a prescription
application, determined by a prescription application, etc.
[0039] At 404, vehicle systems are monitored, and ve-
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hicle system data related to operating systems, and op-
erating system components are communicated to a mon-
itoring controller based on the common characteristic.
For example, when the common characteristic is a de-
fined area, then every vehicle system in the defined area
communicates vehicle system data to the monitoring
controller. Alternatively, if the vehicle systems are air-
planes, and the common characteristic is flying over the
ocean on a route, then every vehicle system monitored
that flies over the ocean during its route communicates
the vehicle system data to the monitoring controller. In
each instance, because each vehicle system shares the
common characteristic, when the vehicle system data of
one of the vehicle systems is compared to the vehicle
system data of another vehicle system, there is an in-
creased likelihood differences in vehicle system data are
related to an operating system, component of an oper-
ating system, sensor, etc. malfunctioning or not operating
properly.
[0040] At 406, optionally, a determination is made
whether additional vehicle system data is desired. In par-
ticular, the prescription application may include a thresh-
old number of vehicle systems that must share the com-
mon characteristic before a comparison can be made to
identify a candidate vehicle system that requires repair,
and/or maintenance. In one example, a first defined area
may be a ten mile radius, but only three vehicle systems
are detected in the ten mile radius. Because a threshold
number of five vehicle systems are required for a com-
parison, the first defined area may be increased into a
second defined area, such as a twenty mile radius where
seven vehicle systems are detected. Alternatively, in-
stead of increasing the first defined area to a second
defined area, historical data may be utilized to increase
the number of vehicle systems for a comparison. In par-
ticular, the reason for utilizing a defined area is to ensure
that environmental and whether conditions do not result
in variances in operational data. Consequently, in one
example, historical data from the defined area can be
analyzed to determine similar weather when the historical
data was communicated. In an embodiment, a whether
condition is rain, so when only four vehicle systems are
detected in the defined area, historical data from vehicle
systems obtained when rain was occurring is utilized. As
such, the database that is formed by the monitoring con-
troller can be utilized for additional vehicle system vehicle
system data to make determinations related to the oper-
ating systems and components of operating systems.
[0041] In another example a threshold could be utilized
to increase the number of common characteristics be-
tween vehicle systems. For example, if the defined area
is a fifty mile radius and one hundred vehicles are de-
tected, the prescription application may include a thresh-
old number of forty vehicles. As a result, when the one
hundred vehicles are detected in the defined area, the
prescription application may vary the common charac-
teristic to be any vehicle system within the fifty mile radius
having a hybrid engine. As a result, the number of vehi-

cles systems having the common characteristic drops to
eight, causing the threshold to not be exceeded. In this
manner, the common characteristic can be varied. Con-
sequently, when the vehicle system data between the
vehicle systems is compared, faulty operation is the most
likely cause for variance in the vehicle system data.
[0042] If at 406, additional vehicle system data is de-
sired, then the vehicle system data continues to be com-
municated at 404. Thus, whether more vehicle system
data, less vehicle system data, etc. is desired, the com-
mon characteristic can be varied to provide an improved
data set for a comparison.
[0043] If at 406, additional vehicle system data is not
desired, then at 408, a comparison is made between at
least the vehicle system data of a first vehicle system
and the vehicle system data of a second vehicle system
to identify a malfunctioning operating system or compo-
nent of an operating system. In one example, a compar-
ison includes determining whether data associated with
one vehicle system is within a designated deviation
threshold of corresponding data associated with plural
other vehicle systems; if within the threshold it is less
likely the vehicle system is a candidate for maintenance,
and if outside the threshold it is more likely the vehicle
system is a candidate for maintenance. In another ex-
ample, a comparison is provided by taking an average
of a measurement from each vehicle system monitored
and determining if the measurement is greater than a
threshold percentage from the average. In another ex-
ample, the comparison occurs by providing a determined
error factor from the average. So, if an average temper-
ature is measured at 100°C, the determined error factor
can be 5°C such that any measurement at plus or minus
5°C is identified as a candidate vehicle system for main-
tenance. In alternative embodiments, the comparison
may be provided using modes, averages, standard de-
viations, or the like to identify the candidate vehicle sys-
tems. As a result, candidate vehicle systems for mainte-
nance are identified based on identifying anomalies in
vehicle system data. By utilizing vehicle systems in the
same defined area, having the same or similar environ-
ment, having the same or similar age, having the same
or similar milage, having the same manufacturer, engine
model or type, etc. more accurate comparisons can be
made between vehicle in identifying the candidate vehi-
cle systems. To this end, errors that can our when vehicle
system data is analyzed by an algorithm, artificial intelli-
gence algorithm, or the like because certain variables
are not taken into consideration are reduced.
[0044] At 410, a determination is made whether a ve-
hicle system has a malfunctioning operating system, or
component of an operating system based on the com-
parison of the first vehicle system data and the second
vehicle system data. If it is deemed there is a low likeli-
hood of malfunctioning having occurred, then the moni-
toring system continues to monitor the vehicle systems
having the common characteristic(s). If at 410, a deter-
mination is made that a malfunctioning operating system
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or component of an operating system may be presented,
then at 412, the vehicle controller communications the
first vehicle system data to a remote controller in re-
sponse to identifying the first vehicle system as the can-
didate vehicle system. The communication may include
the operating system or component of the operating sys-
tem that is malfunctioning, a request to schedule main-
tenance or repair for the component or operating system,
the vehicle system data resulting in the determination, or
the like. In this manner, maintenance is scheduled as
soon as possible, resulting in malfunctioning system from
not resulting in greater damage to the vehicle system. In
addition, preparation can begin being made for repair
and maintenance before the vehicle system even reach-
es a maintenance location, improving efficiency of the
maintenance at the maintenance location.
[0045] Figures 5A and 5B illustrate graphs of vehicles
system data in accordance with the systems and meth-
ods described herein. Graph 5A illustrates on the X-axis
vehicle systems 502 that share a common characteristic.
The common characteristic may be any of the previously
described common characteristics, including a deter-
mined distance from a geographic location (e.g. a deter-
mined area). The Y-axis meanwhile illustrates parameter
of an operating system, that in this example is a turbine
temperature 504 for each of the vehicle systems. In one
example, a temperature sensor is associated with the
turbine of each vehicle system that communicates the
turbine temperature. Each vehicle system has a corre-
sponding turbine temperature 506, where an error factor,
or variance, is also provided. From the graph, an anomaly
508 is provided for the vehicle system identified as 2906.
[0046] Figure 5B meanwhile provides the exact same
vehicle systems 502 on the X-axis, while having a Y-axis
providing a water to oil differential 510. Again, a corre-
sponding water to oil differential 512 for each vehicle that
includes a variance or error. In this example, again, an
anomaly 514 is provided in the vehicle system data for
the vehicle system identified as 2906. Based on this com-
parison information, a determination may be made that
the vehicle system identified as 2906 is a candidate ve-
hicle system that requires maintenance or repair. Thus,
a communication may be provided to a dispatch control-
ler, maintenance controller, station controller, other re-
mote controller, etc. providing the vehicle system data
and scheduling maintenance for vehicle system identi-
fied as 2906 while the vehicle system is still on the route.
[0047] Figures 6A and 6B, illustrate yet another exam-
ple of vehicle system data obtained and compared con-
sistent with the methods and systems described herein.
In this example, the X-axis again presents individual ve-
hicle systems 602, while the Y-axis of Figure 6A provides
a parameter, and in particular a manifold air temperature
604 such that manifold air temperatures 606 of each ve-
hicle system are compared. Again, errors in readings,
and variances may be provided in an effort to identify an
anomaly 608 that in this example is the vehicle system
identified as vehicle system 8390. Meanwhile, Figure 6B

illustrates the same group of vehicle systems, with an
additional parameter, this time turbo inlet temperature
610 considered. Each plot therefore provides an individ-
ual turbo inlet temperature 612 of each vehicle system,
with an anomaly 614 again illustrated for the vehicle sys-
tem identified as vehicle system 8390. Therefore, a com-
munication can be made related to maintenance of ve-
hicle system 8390 as a candidate vehicle system. While
in each example, an anomaly was illustrated in both
graphs for the same vehicle system, in other example,
only one graph will provide an anomaly. The communi-
cation can then share this information to assist with di-
agnosis of the component or operating system that is
causing the malfunction.
[0048] Consequently, a method and system for identi-
fying candidate vehicle systems for maintenance and re-
pair is provided that avoid the use of complex algorithms,
including artificial intelligence algorithms, that occupy
memory and processing space for a control system. In
addition, by utilizing vehicle systems with common char-
acteristics, improved diagnosis may also be provided,
while improving efficiencies once a candidate vehicle
system is identified.
[0049] In particular, the system identifies anomalies in
a data stream, without prior training (e.g. using artificial
intelligence), by measuring the difficulty in finding simi-
larities between vehicle systems that share at least one
common characteristic in an ordered sequence of the
streaming data. Data elements, or vehicle system data,
that is alike in one example obtains a low score, or a
determination is made that the vehicle systems are not
candidate vehicle systems for repair or maintenance. On
the other hand, when vehicle systems having the com-
mon characteristic also have dissimilar vehicle system
data, a high score may be provided due to data mismatch-
es. This score can be used to identify a candidate vehicle
system (for repair or maintenance). In this manner, the
control system makes use of a comparison method to
find dissimilarities between parts of the data stream and
does not require prior determinations or knowledge (i.e.
artificial intelligence) of the nature of the anomalies that
may be present in the vehicle system data. In addition,
the comparison method avoids the use of processing de-
pendencies between data elements and is capable of a
straightforward parallel implementation for each data el-
ement. The control system instead searches for anom-
alous patterns in data streams (e.g. vehicle system data),
which may include audio signals, health screening, ge-
ographical data, etc.
[0050] In particular, identification or determination of
healthy or unhealthy vehicle systems can be based on a
relativity in a similar condition. In instances where vast
amounts of sensor data is provided for various fleets,
vehicle systems, or the like, comparisons of the vehicle
system data for similar operating systems of the vehicle
system can identify candidate vehicle systems for repair
or maintenance. Typically, sensor information is raw da-
ta, which generally may not be helpful to determine the
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anomaly because without context, the data can be mean-
ingless. For example, when an engine temperature of a
first vehicle system is 5°C greater than the engine tem-
perature of a second vehicle system, the 5°C may or may
not be significant. If the vehicle systems are in the same
environment, such a difference may be significant,
whereas is the vehicle system with the 5°C hotter engine
temperature is in an environment that is 20°C hotter, the
difference may not be as meaningful. As a result, with
the huge data sets obtained, sometimes it is difficult to
develop a robust model based on machine learning due
to unit to unit variation (e.g. mechanical, design, environ-
mental etc.). However, provided is a control system and
method that finds a vehicle system anomaly built on a
comparison of various parameters of vehicle systems
sharing a common characteristic. For example, four ve-
hicle systems may share the common characteristic of
being in the same environment (e.g. same twenty-five
mile radius, fifty mile radius, hundred mile radius, etc.),
and consequently are moving in the same geographical
location. If one of the operating systems of one of the
vehicle systems behaves differently compared to the oth-
er vehicle systems in the same environment, the vehicle
system with the operating system that is behaving differ-
ently may be identified as a candidate vehicle system for
repair or maintenance. At that time, communications can
be provided to start the maintenance and repair of the
candidate vehicle system to address the anomaly as
quickly as possible, preventing damage as a result of a
malfunctioning operating system.
[0051] In some example embodiments, a system is
provided that includes a controller having one or more
processors. The one or more processors may be config-
ured to obtain first vehicle system data from a first vehicle
system of plural vehicle systems based on a common
characteristic shared by the plural vehicle systems, and
obtain second vehicle system data from a second vehicle
system of the plural vehicle systems, the second vehicle
system data based on the common characteristic shared
by the two or more vehicle systems. The one or more
processors may also be configured to compare the first
vehicle system data to the second vehicle system data,
and identify one of the first vehicle system or the second
vehicle system as a candidate vehicle system for main-
tenance based on comparing the first vehicle system data
to the second vehicle system data.
[0052] Optionally, the common characteristic may be
based on a distance from a geographic location. In one
aspect, the one or more processors may also be config-
ured to compare the first vehicle system data to the sec-
ond vehicle system data by comparing the first vehicle
system data and the second vehicle system data to ad-
ditional vehicle system data of one or more additional
vehicle systems of the plural vehicle systems. The addi-
tional vehicle system data may be based on the common
characteristic. In another aspect, the first vehicle system
data may be related to an operating system of the first
vehicle system, and the second vehicle system data is

related to an operating system of the second vehicle sys-
tem. In addition, the operating system of the first vehicle
system may be related to the operating system of the
second vehicle system. In one example, the one or more
processors may be further configured to communicate a
message to a remote controller related to the candidate
vehicle system. Optionally, the remote controller may be
a maintenance controller configured to schedule main-
tenance for the first vehicle system or a dispatch control-
ler configured to schedule maintenance for the first ve-
hicle system. In another example, the common charac-
teristic may be at least one of engine type, engine man-
ufacturer, vehicle system age, vehicle system mileage,
or vehicle system route. In one embodiment, the one or
more processors may be further configured to search for
and identify one or more additional vehicle systems of
the plural vehicle systems based on the common char-
acteristic before obtaining the first vehicle system data
and the second vehicle system data. Optionally, the one
or more processors may further be configured to deter-
mine whether a threshold number of the one or more
additional vehicle systems have been identified in re-
sponse to searching for the additional vehicle systems,
vary the common characteristic in response to the thresh-
old number of vehicle systems not being identified, and
perform an additional search for the one or more addi-
tional vehicle systems after varying the common charac-
teristic.
[0053] In other example embodiments, a system is pro-
vided that may include a controller having one or more
processors. The one or more processors may be config-
ured to obtain first vehicle system data from a first vehicle
system in a determined area, and obtain additional ve-
hicle system data from plural additional vehicle systems
in the determined area. The one or more processors may
also be configured to compare the first vehicle system
data to the additional vehicle system data, and identify
the first vehicle system as a candidate vehicle system
for maintenance based on comparing the first vehicle
system data to the additional vehicle system data.
[0054] Optionally, the determined area may be a de-
termined radius from a determined location. In one as-
pect, the plural additional vehicle systems may include
at least two vehicle systems. In another aspect, the first
vehicle system data may be related to an operating sys-
tem of the first vehicle system. In one example, the sys-
tem may also include a sensor coupled to the operating
system. In particular, the first vehicle system data may
be obtained from the sensor. In another example, the
one or more processors may be further configured to
communicate the first vehicle system data to a remote
controller in response to identifying the first vehicle sys-
tem as the candidate vehicle system. In another example,
the first vehicle system may be one of an automobile, rail
vehicle, water vehicle, or air vehicle.
[0055] In one or more additional embodiments, a meth-
od may be provided that includes searching for and iden-
tifying vehicle systems based on a common characteris-
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tic, and determining whether a threshold number of ve-
hicle systems have been identified during a search. The
method may also include varying the common charac-
teristic in response to the threshold number of vehicle
systems not being identified, and performing an addition-
al search after varying the common characteristic. The
method can also include obtaining first vehicle system
data related to a first operational system from a first ve-
hicle system identified in the additional search, obtaining
additional vehicle system data related to additional op-
erational systems of plural additional vehicle systems
identified in the additional search, wherein the first oper-
ational system is related to the additional operational sys-
tems, and identifying the first vehicle system as a candi-
date vehicle system for maintenance based on compar-
ing the first vehicle system data to the additional vehicle
system data.
[0056] Optionally, the common characteristic may be
a defined area. In one aspect, varying the common char-
acteristic in response to the threshold number of plural
additional vehicle systems not being identified may in-
clude increasing a size of the defined area. In another
aspect, the method may also include communicating the
first vehicle system data to a remote controller in re-
sponse to identifying the first vehicle system as the can-
didate vehicle system.
[0057] In one or more additional embodiments a sys-
tem is provided that may include a controller having one
or more processors. The one or more processors may
obtain plural first corresponding data sets from plural ve-
hicle systems based on plural first common characteris-
tics shared by the plural vehicle systems, and obtain plu-
ral second corresponding data sets from the plural vehi-
cle systems based on the plural first common character-
istics and/or on plural second common characteristics
shared by the plural vehicle systems. The one or more
processors may also iteratively compare an individual
data set of the plural first corresponding data sets of each
of the plural vehicle systems to determine if the individual
data set of the plural first corresponding data sets is out-
side a first designated deviation threshold of the other
data sets of the plural first corresponding data sets. The
one or more processors may also iteratively compare an
individual data set of the plural second corresponding
data sets of each of the plural vehicle systems to deter-
mine if the individual data set of the plural second corre-
sponding data sets is outside a second designated de-
viation threshold of the other data sets of the plural sec-
ond corresponding data sets. The one or more proces-
sors may also, responsive to determining that the indi-
vidual data sets of a first vehicle system of the plural
vehicle systems are respectively outside the first desig-
nated deviation threshold and the second designated de-
viation threshold, identify the first vehicle system as a
candidate for a maintenance or repair operation. The one
or more processors may also control at least one of the
first vehicle system or an electronic device responsive to
identifying the first vehicle system as the candidate.

[0058] In some example embodiments, the device per-
forms one or more processes described herein. In some
example embodiments, the device performs these proc-
esses based on processor executing software instruc-
tions stored by a computer-readable medium, such as a
memory and/or a storage component. A computer-read-
able medium (e.g., anon-transitory computer-readable
medium) is defined herein as a non-transitory memory
device. A memory device includes memory space locat-
ed inside of a single physical storage device or memory
space spread across multiple physical storagedevices.
[0059] Software instructions may be read into a mem-
ory and/or a storage component from another computer-
readable medium or from another device via the commu-
nication interface. When executed, software instructions
stored in a memory and/or a storage component cause
the processor to perform one or more processes de-
scribed herein. Additionally or alternatively, hardwired
circuitry may be used in place of or in combination with
software instructions to perform one or more processes
described herein. Thus, embodiments described herein
are not limited to any specific combination of hardware
circuitry and software.
[0060] As used herein, the terms "processor" and
"computer," and related terms, e.g., "processing device,"
"computing device," and "controller" may be not limited
to just those integrated circuits referred to in the art as a
computer, but refer to a microcontroller, a microcomput-
er, a programmable logic controller (PLC), field program-
mable gate array, and application specific integrated cir-
cuit, and other programmable circuits. Suitable memory
may include, for example, a computer-readable medium.
A computer-readable medium may be, for example, a
random-access memory (RAM), a computer-readable
non-volatile medium, such as a flash memory. The term
"non-transitory computer-readable media" represents a
tangible computer-based device implemented for short-
term and long-term storage of information, such as, com-
puter-readable instructions, data structures, program
modules and sub-modules, or other data in any device.
Therefore, the methods described herein may be encod-
ed as executable instructions embodied in a tangible,
non-transitory, computer-readable medium, including,
without limitation, a storage device and/or a memory de-
vice. Such instructions, when executed by a processor,
cause the processor to perform at least a portion of the
methods described herein. As such, the term includes
tangible, computer-readable media, including, without
limitation, non-transitory computer storage devices, in-
cluding without limitation, volatile and non-volatile media,
and removable and non-removable media such as
firmware, physical and virtual storage, CD-ROMS,
DVDs, and other digital sources, such as a network or
the Internet.
[0061] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates oth-
erwise. "Optional" or "optionally" means that the subse-
quently described event or circumstance may or may not
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occur, and that the description may include instances
where the event occurs and instances where it does not.
Approximating language, as used herein throughout the
specification and claims, may be applied to modify any
quantitative representation that could permissibly vary
without resulting in a change in the basic function to which
it may be related. Accordingly, a value modified by a term
or terms, such as "about," "substantially," and "approxi-
mately," may be not to be limited to the precise value
specified. In at least some instances, the approximating
language may correspond to the precision of an instru-
ment for measuring the value. Here and throughout the
specification and claims, range limitations may be com-
bined and/or interchanged, such ranges may be identi-
fied and include all the sub-ranges contained therein un-
less context or language indicates otherwise.
[0062] This written description uses examples to dis-
close the embodiments, including the best mode, and to
enable a person of ordinary skill in the art to practice the
embodiments, including making and using any devices
or systems and performing any incorporated methods.
The claims define the patentable scope of the disclosure,
and include other examples that occur to those of ordi-
nary skill in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guage of the claims.

Claims

1. A system 200 comprising:
a controller 201 having one or more processors 202
configured to:

obtain first vehicle system data from a first ve-
hicle system of plural vehicle systems 100 based
on a common characteristic shared by the plural
vehicle systems;
obtain second vehicle system data from a sec-
ond vehicle system of the plural vehicle systems,
the second vehicle system data based on the
common characteristic shared by the two or
more vehicle systems;
compare the first vehicle system data to the sec-
ond vehicle system data 408; and
identify one of the first vehicle system or the sec-
ond vehicle system as a candidate vehicle sys-
tem for maintenance based on comparing the
first vehicle system data to the second vehicle
system data 410.

2. The system of claim 1, wherein the common char-
acteristic is based on a distance from a geographic
location.

3. The system of claim 1, wherein the one or more proc-
essors are configured to compare the first vehicle
system data to the second vehicle system data by
comparing the first vehicle system data and the sec-
ond vehicle system data to additional vehicle system
data of one or more additional vehicle systems of
the plural vehicle systems, the additional vehicle sys-
tem data based on the common characteristic.

4. The system of claim 1, wherein the first vehicle sys-
tem data is related to an operating system 112 of the
first vehicle system, and the second vehicle system
data is related to an operating system of the second
vehicle system; and wherein the operating system
of the first vehicle system is related to the operating
system of the second vehicle system.

5. The system of claim 1, wherein the one or more proc-
essors are further configured to:
communicate a message 412 to a remote controller
128 related to the candidate vehicle system.

6. The system of claim 5, wherein the remote controller
is a maintenance controller configured to schedule
maintenance for the first vehicle system or a dispatch
controller configured to schedule maintenance for
the first vehicle system.

7. The system of claim 1, wherein the one or more proc-
essors are further configured to:

search for and identify one or more additional
vehicle systems of the plural vehicle systems
based on the common characteristic before ob-
taining the first vehicle system data and the sec-
ond vehicle system data;
determine whether a threshold number of the
one or more additional vehicle systems have
been identified 406 in response to searching for
the additional vehicle systems;
vary the common characteristic in response to
the threshold number of vehicle systems not be-
ing identified; and
perform an additional search for the one or more
additional vehicle systems after varying the
common characteristic.

8. A system comprising:
a controller 201 having one or more processors 202
configured to:

obtain first vehicle system data from a first ve-
hicle system in a determined area 304;
obtain additional vehicle system data from plural
additional vehicle systems in the determined ar-
ea;
compare the first vehicle system data to the ad-
ditional vehicle system data; and
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identify the first vehicle system as a candidate
vehicle system for maintenance based on com-
paring the first vehicle system data to the addi-
tional vehicle system data 408.

9. The system of claim 8, wherein the determined area
is a determined radius from a determined location.

10. The system of claim 8, wherein the plural additional
vehicle systems include at least two vehicle systems.

11. The system of claim 8, wherein the first vehicle sys-
tem data is related to an operating system 112 of the
first vehicle system.

12. The system of claim 11, further comprising a sensor
228 coupled to the operating system, wherein the
first vehicle system data is obtained from the sensor.

13. The system of claim 8, the one or more processors
are further configured to communicate the first vehi-
cle system data 412 to a remote controller 128 in
response to identifying the first vehicle system as
the candidate vehicle system.

14. The system of claim 8, wherein the one or more proc-
essors are further configured to:

obtain the additional vehicle system data from
the plural additional vehicle systems based on
a determination that the plural additional vehicle
systems and the first vehicle system share plural
common characteristics;
compare the first vehicle system data to the ad-
ditional vehicle system data to determine if the
first vehicle system data is outside a designated
deviation threshold of the additional vehicle sys-
tem data 406;
identify the first vehicle system as the candidate
vehicle system for maintenance responsive to
determining that the first vehicle system data is
outside the designated deviation threshold;
control at least one of the first vehicle system or
an electronic device responsive to identifying
the first vehicle system as the candidate vehicle
system.

15. A method comprising:

performing a search to identify vehicle systems
based on a common characteristic;
determining whether a threshold number of ve-
hicle systems have been identified during the
search 406;
varying the common characteristic in response
to the threshold number of vehicle systems not
being identified;
performing an additional search after varying the

common characteristic;
obtaining first vehicle system data related to a
first operational system from a first vehicle sys-
tem identified in the additional search;
obtaining additional vehicle system data related
to additional operational systems of plural addi-
tional vehicle systems identified in the additional
search, wherein the first operational system is
related to the additional operational systems;
and
identifying the first vehicle system as a candi-
date vehicle system for maintenance based on
comparing the first vehicle system data to the
additional vehicle system data 410.
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